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Abstract
The search for plant growth-promoting rhizobacteria is an ongoing need for the development of new bioinoculants for use in
various crops, including sugarcane. Bacterial strains with various plant growth-promoting properties can contribute to sustainable
agricultural production. The present study aimed to isolate, characterize and select sugarcane rhizobacteria from six different
varieties through principal components analysis. This study selected 167 bacterial strains with the ability to fix nitrogen, produce
indolacetic acid, exhibit cellulolytic activity, and solubilize phosphate and potassium were isolated. Of these 167 bacterial strains,
seven were selected by principal component analysis and identified as belonging to the genera Staphylococcus, Enterobacter,
Bacillus and Achromobacter. Bacillus thuringiensis IP21 presented higher potential for nitrogen fixation and CaPO4 and AlPO4
solubilization and a lower potential for K solubilization in sugarcane. Enterobacter asburiae IP24 was efficient in indolacetic acid
production and CaPO4 and FePO4 solubilization and inefficient for Araxá apatite solubilization.
Keywords: Plant Production; plant growth promoting rhizobacteria; sugarcane.
Abbreviations: PGPR_ plant growth-promoting rhizobacteria; PCA_ principal component analysis; BNF_ biological nitrogen fixation;
IAA_ indolacetic acid.
Introduction
Although the industrialization of agriculture has brought
about major changes in the agricultural production system,
with significant increases in productivity, it has also caused
serious environmental problems that must be addressed and
resolved in the near future. Currently, a major challenge
faced by professionals working in the agricultural sector is
maintaining productivity with reduced production costs and
lower environmental impact. In this context, an alternative is
the use of plant growth-promoting rhizobacteria (PGPR)
(Pérez-Montaño et al., 2014). This term is used to describe a
specific category of microorganisms involved in some rootmicroorganisms-plant interactions that can bring several
benefits to plants by promoting plant growth (Zhou et al.,
2016).
Plant growth promoting rhizobacteria (PGPR) are widely
used in crop production and appeared to be an
environmental-friendly approach for improvement in the
growth of the plant and soil fertility (Chaturvedi et al., 2020).
PGPR produce several compounds, including growth
regulation (phytohormones), such as the synthesis of auxins,
cytokines, gibberellins, ethylene, and abscisic acid, which
help plants in their growth process, such as root extension
and cell division. They are also capable of producing
siderophores and organic acids, fixing atmospheric nitrogen
(N2), solubilizing phosphate and potassium. Therefore
increase in nutrient use efficiency, solubilization of insoluble
phosphates and potassium, and chelation of micronutrients
(Di Salvo et al., 2018; Hayat et al., 2012; Rana et al., 2012;

Roesti et al., 2006; Sheng and He, 2006) which may influence
the native soil microbial community due to differential plant
growth promotion action. Addition the PGPR can produce
antibiotics to suppress pathogenic rhizobacteria. These
substances directly and indirectly affect plant metabolism
and improve the adaptive capacity of plants to absorb soil
nutrients (Grobelak et al., 2015).
Microbial community structure and enzyme activities in the
soil are indices for assessment of soil health and quality
which are responsible for biogeochemical processes and
nutrients transformation (Di Salvo et al., 2018; Hayat et al.,
2012). PGPR require to establish and sustain a critical
bacterial population in the soil for effective plant growth
enhancement and interact with indigenous soil microbes
(Kang et al., 2013); therefore, soil microbial ecological
studies are necessary (Di Salvo et al., 2018). For commercial
exploitation of PGPR as an efficient biofertilizer, it is
essential to examine the interaction of native soil microbial
community structure and functions for potential ecological
impacts. The ecological impact is an important and essential
aspect for the influence of PGPR on microbial community
study for safe and consistent utilization of PGPR at large
scale. The soil inoculation of large extent of exogenous
bacteria as PGPR has the probable impact on the indigenous
microbes and inoculant may affect them which may results
in increase, decrease or no influence on native microbes
activities (Bharti et al., 2015; Domenech et al., 2004; Garcıá
et al., 2004; Li et al., 2018) which warrants the need to be
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study the soil microbial ecology using new analytical and
molecular tools.
Although some PGPR promote plant growth, some
rhizobacteria-based inoculants may have little or no growthpromoting effect on sugarcane crop, and the selection of
new bacterial strains isolated from the own crop with
diverse growth-promoting properties may be necessary.
With this process of bacterial strain selection, since many
strains have diverse plant growth-promoting properties, it is
difficult to select the most appropriate bacterial strain as a
future bioinoculant (Li et al., 2018)
Given the above, the present study aimed to isolate,
characterize and select rhizobacteria in six different varieties
of sugarcane carriers of abilities to promote plant growth
that could be used as inoculant.

AlPO4, FePO4 solubilization, IAA production and cellulolytic
activity exerted a strong influence on group I, where isolates
IP11 (Enterobacter sp.), IP14 and IP24 (Enterobacter
asburiae) were grouped and responsible for their
discrimination. BNF, CaPO4 and Araxá apatite solubilization
were responsible for the distinction of group II, which
included isolates IJ8 (Staphylococcus saprophyticus), IP17
(Bacillus anthracis) and IP21 (Bacillus thuringiensis). Group III
was influenced by only one variable, K solubilization, and the
isolate IP23 was grouped in group III (Achromobacter
spanius) (Fig. 2).
Of isolates selected by PCA, six were from Pirajuba (IP) and
only one was from Jaboticabal (IJ) (Fig. 2). For isolates that
did not group, their molecular identification was not
performed. Therefore, molecular identification was
performed on seven bacterial strains.
For IAA production, the largest producers were IP14 and
-1
IP24 (E. asburiae), with 56.68 and 56.21 µg of IAA mL ,
respectively. For cellulolytic activity and K solubilization,
-1
isolate IP23 (A. spanius) stood out, producing 0.61 U mL
-1
and 17.23 mg K mL , respectively. For BNF, isolates IP21 (B.
thuringiensis) and IJ8 (S. saprophyticus) were the major
-1
fixators, with 108.07 and 105.61 µg N mL , respectively (Fig.
3).
For CaPO4 and AlPO4 solubilization, isolate IP21 (B.
thuringiensis) stood out, solubilizing 481.00 and 39.33 mg of
-1
P mL , while isolate IP17 (B. anthracis) was the best for
Araxá apatite solubilization and IP14 stood out in FePO4
-1
solubilization, with 622.99 and 105.66 mg of P mL ,
respectively (Fig. 3).

Results
Screening of bacteria carriers of plant growth abilities
Sixty bacterial strains were isolated from the rhizospheres of
the IAC95-5000 and RB86-7515 varieties in the municipality
of Jaboticabal-SP; 62 colonies from the CTC9 and RB85-5156
varieties in the municipality of Frutal-MG and 45 colonies
from the IAC91-1099 and CTC4 varieties in the municipality
of Pirajuba-MG. A total of 167 bacterial colonies were
isolated from the three locations, of which 58 had the
capacity to fix N, 20 had the capacity to produce IAA, 53 had
cellulolytic activity, and 17, 26, 44, 33, 51 had the capacity to
solubilize K, CaPO4, AlPO4, FePO4 and Araxá apatite,
respectively (Table 1).
The joining of the two principal components allowed a twodimensional ordering of isolates and variables, thus enabling
the construction of a biplot graph (Fig. 1). The amount of
total information of original variables retained by the two
principal components was 50.79%, 32.36% in the first
principal component and 18.43% in the second principal
component (Fig. 1).
The order of isolates according to the first two main
components allocated isolates into two large groups. The
graphical representation allowed for the determination of
the variables that most discriminate in the formation of
groups I and II. Variables IAA, K, AlPO4, FePO4 and Araxá
apatite solubilization are responsible for the discrimination
of group I, located on the left of PC1, exerting great
influence on these isolates. Cellulolytic activity and CaPO4
exerted weak influences on group I. Group II did not present
any variable with a strong influence on itself; all
characteristics showed no effect. Thus, group I was
characterized by isolates with the characteristics of being
IAA producers and K, AlPO4, FePO4 and Araxá apatite
solubilizers; therefore, group I was the group of interest and
was selected for the next experiments (Fig. 1).
In the municipality of Jaboticabal, 22 bacterial strains were
selected after BNF and only 07 were allocated in group I. In
the municipality of Pirajuba, 13 of the 20 isolates selected
after BNF were allocated in group I. For strains isolated in
the municipality of Frutal, no strains were allocated in group
I, so these strains were not considered for quantitative
characterization. Quantitative analyses were performed on
21 bacterial strains selected after PCA.
Screening the bacteria which presented the better results
The first two principal components presented 61.85% of the
total data variance, with PC1 showing 42.39% of variance
and PC2, 19.56%. The variables presented were responsible
for the formation of three groups of interest. The variables

Molecular identification of bacterial strains
The selected strains that formed the three main groups
according to PCA were identified using PCR amplification of
the 16S rRNA gene. All isolates were identified by the 16S
rDNA sequence and showed more than 95% homology with
other sequences deposited at GenBank (Table 2).
Isolate IJ8 was homologous to sequences of Staphylococcus
saprophyticus and showed more than 99% identity with two
sequences. The identification of isolate IP11 was performed
at the genus level, demonstrating 99.85% homology with
two Enterobacter sequences. Isolate IP14 showed over 95%
homology with the genus Enterobacter. Isolate IP17 was
identified as Bacillus anthracis based on 99.88% sequence
identity. The identification of isolate IP21 was performed
according to homology with sequences of Bacillus
thuringiensis, with identity above 99.5%. Isolate IP23 was
identified from homology with sequences of Achromobacter
spanius, with 99.29% sequence homology. Finally, isolate
IP24 was homologous with Enterobacter asburiae sequences
with 99.84% identity.
A phylogenetic tree was constructed to demonstrate
similarity between bacterial strain sequences of the present
study and sequences deposited in GenBank, in addition to
demonstrating similarity to each other (Fig. 4).
Discussion
The present study used PCA to determine the statistical
correlation between isolates and growth promotion
characteristics. Figure 1 shows that group I was
characterized by isolates that produce IAA and solubilize K,
AlPO4, FePO4, and Araxá apatite. Group II has no growthpromoting variables of interest (Fig. 1).
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Sugarcane is a plant, and a large variety of bacteria have
been isolated, characterized and identified in its rhizosphere.
Through PCA, the present work was able to isolate for the
first time S. saprophyticus, E. asburiae, A. spanius and B.
anthracis strains in the sugarcane rhizosphere. In addition,
of the seven strains identified, there was no repetition of
species; therefore, the strains were seven distinct species.
The S. saprophyticus IJ8 strain stood out for BNF (105.61 µg
-1
-1
of N mL ) and CaPO4 (4.67 mg P mL ) and Araxá apatite
-1
solubilization (444.00 mg P mL ) (Fig. 3), important
characteristics to be considered for PGPR. Strains that
exhibit efficient N fixation and P solubilization tend to be
good inoculants because N-fixing PGPR inoculation in crops
revitalizes plant growth, promoting activities, the
management of diseases and low nitrogen levels in
agricultural soils (Damam et al., 2016). Phosphorus is the
second most essential nutrient demanded by plants, and in
adequate amounts for optimal growth, it plays an important
role in almost all major metabolic processes, including
energy
transfer,
signal
transduction,
respiration,
macromolecular biosynthesis and photosynthesis (Anand et
al., 2016).
Members of the genus Staphylococcus are well known
human pathogens, but some species have been isolated
from soil (Zamil et al., 2010), wild rice (Oryza rufipogon)
(Sarathambal et al., 2015), grape (Barata et al., 2012), and
oil-contaminated samples (Silva et al., 2015), suggesting
their opportunistic mode of existence and demonstrating
wide variation in the environment where they can be found.
Some authors searching for new growth-promoting isolates
have been able to characterize and identify S. saprophyticus
isolates.
Isolates IP11 and IP14 had high similarity with sequences of
Enterobacter sp. (Table 2), but when the phylogenetic tree
was constructed, IP14 did not group with GenBank database
sequences, indicating that this isolate could represent some
species not yet identified (Figure 4). Elo et al. (2000)
analyzed 16S rDNA sequences from bacteria isolated from
the humus layer and found unknown Paenibacillus species.
Similarly, Beneduzi et al. (2013) found rhizobacteria isolated
from sugarcane, and some isolates had no similarity to any
sequence in the available databases.
Enterobacter sp. is a bacterium that has been found and
classified only at the genus level by several researchers
searching for PGPR (Sajjad Mirza et al., 2001). Waghmare et
al. (2018) demonstrated the potential of Enterobacter sp. as
a cellulolytic bacterium. Patel et al. (2019) found a
phosphorus-solubilizing and IAA-producing strain, as well as
in the present study, where Enterobacter sp. IP11 produced
-1
53.32 µg of IAA mL (Fig. 3). Enterobacter sp. has also been
isolated from chromium-contaminated soils suggesting that
it is resistant to chromium and promoting the growth of
tomato plants under Cr stress conditions (Gupta et al.,
2019).
E. asburiae is also known to be an opportunistic pathogen,
but its strains have been isolated from a wide variety of
environments, including rhizosphere and agricultural soil
(Gyaneshwar et al., 1999), cotton (Quadt-Hallmann and
Kloepper, 1996), Arabidopsis thaliana (Cooley et al., 2003),
mustard (Ahemad and Kibret, 2014), tobacco (Ahemad and
Khan, 2010; Zhang and Kong, 2014), and sugarcane roots
(Kruasuwan and Thamchaipenet, 2016).
asburiae IP24 could be used as a growth promoter, standing
out in FePO4, CaPO4 solubilization (79.00 and 452.67 mg P
1
-1
mL- , respectively) and IAA production (56.21 μg IAA mL

(Figure 3). In the search for growth-promoting sugarcane
endophytes, Kruasuwan and Thamchaipenet (2016) isolated
an E. asburiae strain, but this strain was negative for P
solubilization, Ahemad and Khan (2010) when characterizing
E. asburiae, they also observed their growth-promoting
-1
characteristics; the strain produced 32 μg of IAA mL , while
-1
the strain of this study produced 56.21 μg of IAA mL ,
almost twice the value obtained by the authors. Because
nutritional elements are absorbed from soil by roots, good
root growth is considered a prerequisite for increased plant
growth, and IAA is one of the most important plant
hormones produced by bacteria, improving the protection
level against adverse external effects and increasing the
coordination of various cell defense systems (Spaepen and
Vanderleyden, 2011).
-1
A. spanius IP23 stood out for K solubilization (17.3 mg K )
-1
and cellulolytic activity (0.61 U mL ) (Fig. 3). Previously, A.
spanius was found in medicinal plants, being positive for
cellulolytic activity, but with low IAA production (4.2 μg IAA
-1
mL ) (Egamberdieva et al., 2017); this result was similar to
the present study, where the A. spanius isolate produced the
-1
lowest IAA concentration (6.30 μg of IAA mL ). A. spanius
has also been found in soil (Castanheira et al., 2014) and
characterized for growth promotion in Phragmites australis
(Soares et al., 2016) and ryegrass (Lolium multiflorum)
(Castanheira et al., 2014).
When constructing the phylogenetic tree, isolate IP21 had a
low bootstrap value (Figure 4), which may be explained by
the genetic similarity of B. anthracis and B. thuringiensis.
These species are very close to each other, and some studies
suggest that B. anthracis is a narrow group of strains that
show a high degree of genetic similarity and that inclusions
of bioinsecticide crystals are the only distinguishing feature
of B. thuringiensis (Jensen et al., 2003). Sometimes,
phylogenetic analysis based on the 16S rRNA gene sequence
is not able to differentiate B. anthracis and B. thuringiensis
(Jamil, 2015; Tchuisseu Tchakounté et al., 2018).
Despite being known as an animal and human pathogen, B.
anthracis strains were previously found in the search for
tomato rhizosphere growth promoters, where they were
positive for N fixation and IAA production (± 6.45 µg IAA mL
1
) (Tian et al., 2017). The B. anthracis IP17 strain of the
-1
present study produced 45.34 µg IAA mL and stood out for
-1
Araxá apatite solubilization, 623.00 mg P mL (Figure 3).
Other authors have managed to isolate B. anthracis from
Phragmites australis (L.) rhizosphere (Chaturvedi et al.,
2006) and atrazine-contaminated soils (El-Bestawy et al.,
2013), but these authors did not observe whether these
strains presented growth-promoting properties. No reports
of B. anthracis associated with sugarcane were found in the
literature regarding rhizospheric or endophytic bacteria. The
isolate B. anthracis IP17 could be cited as the first report
found in the sugarcane rhizosphere.
B. thuringiensis is well known for its specific bioactivity, due
to its capacity to produce crystals, which are formed by
polypeptides known as Cry proteins. These proteins have
entomopathogenic properties for insects of the orders
Lepidoptera, Diptera, Coleoptera, Hymenoptera, and
Homoptera, in addition to nematodes, protozoa and mites
(Jensen et al., 2003). In sugarcane, B. thuringiensis has been
intensively studied for the control of borer (Diatraea
saccharalis) (Huang et al., 2008; Wu et al., 2009), but there
are few studies that directly relate this species as a growth
promoter in sugarcane and other crops.
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Table 1. Total number of bacteria strains with BNF, IAA production, cellulolytic activity (CA), K, CaPO 4, AlPO4, FePO4, and Araxá
apatite solubilization properties isolated from the IAC95-5000, RB86-7515, CTC9, RB75-5156, IAC91-1099, CTC4 varieties in the
municipalities of Jaboticabal, Frutal and Pirajuba.
Municipality
Jaboticabal
Frutal
Pirajuba
IAC95Variety
RB86-7515
CTC9
RB75-5156
IAC91-1099
CTC4
5000
Strain code
IJ
RJ
CF
RF
IP
CP
Total strains
33
27
29
33
24
21
BNF
7
15
6
9
12
8
IAA
1
7
1
0
7
4
CA
7
14
5
6
12
8
Solubilization:
K
2
3
0
0
8
3
CaPO4
5
7
2
4
4
3
AlPO4
2
11
4
5
12
8
FePO4
3
7
3
3
11
5
Apatite
7
11
6
6
12
8
IAA g mL-1; BNF – mg of N mL-1; CA – UmL-1; K – mg of K L-1; CaPO4; AlPO4; FePO4; Apatite – mg of P mL-1

Fig 1. Dispersion (biplot graph) of qualitatively analyzed growth-promoting characteristics, namely cellulolytic activity (Cell.act), IAA
production (IAA), K, AlPO4, FePO4, CaPO4 and Araxá apatite solubilization. *Strain code: First letter: initial of the variety used for
isolation (IAC95-5000, RB86-7515, CTC 9, RB75-5156., IAC91-1099 and CTC4). Second letter: initial of the municipality where the
isolation was performed (Jaboticabal, Frutal and Pirajuba). Numeric code: number assigned to the strain according to the sequence
in which it was isolated.

Table 2. Identification of sugarcane rhizospheric bacteria using NCBI BLAST-N of 16S rRNA gene sequences.
Isolate Species identification
Identity (%)
Staphylococcus saprophyticus NR_114090.1
99.76
IJ8
Staphylococcus saprophyticus MG694483.1
100.00
IP11
Enterobacter sp. KR558701.1
99.85
Enterobacter sp. HM748078.1
99.85
IP14
Enterobacter sp. KR558701.1
96.34
Enterobacter sp. HM748078.1
96.34
IP17
Bacillus anthracis MK575034.1
99.88
Bacillus anthracis AF290553.
99.88
IP21
Bacillus thuringiensis NR_112780.1
99.79
Bacillus thuringiensis KT159186.1
99.68
IP23
Achromobacter spanius MN007235.1
99.29
Achromobacter spanius NR_025686.1
99.29
IP24
Enterobacter asburiae MG571735.1
99.84
Enterobacter asburiae KY316493.1
99.84
* Query cov., 100%; and E-value, 0.0, for all sequence
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Fig 2. Dispersion (biplot graph) of the quantitatively analyzed growth-promoting characteristics, namely, BNF quantification,
cellulolytic activity (Cell.Act), IAA production, K, AlPO4, FePO4, CaPO4 and Araxá apatite solubilization.

Fig 3. Quantitative results for a) IAA production; b) cellulolytic activity; c) BNF; d) K solubilization; e) CaPO 4 solubilization; f) ALPO4
solubilization; g) FePO4 solubilization and; h) Araxá apatite solubilization. Means followed by the same letters do not differ
according to the Tukey test at 5% probability. *S. saprophyticus IJ8, Enterobacter sp. IP11, B. anthracis IP17, B. thuringiensis IP21, A.
spanius IP23, E. asburiae IP24.
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Fig 4. Phylogenetic analysis of the 16S ribosomal region of the seven strains isolated and grouped into the three groups by PCA (Fig.
2). The phylogenetic tree was constructed based on the maximum probability with the evolutionary method and distances
calculated according to the Kimura-2 parameter. Boot values are presented as a percentage for 1000 bootstraps. Numeric codes
before species names refer to the GenBank (NCBI) accession number
B. thuringiensis strains that were positive for P solubilization
and IAA production were isolated from Kobresia capillifolia
(de Freitas et al., 1997; Ying et al., 2016). The B. thuringiensis
IP21 strain was a great solubilizer of the phosphate sources
-1
tested (481.00, 39.33, 77.66, 457.66 mg P mL for CaPO4,
FePO4, AlPO4 and Araxá apatite, respectively), in addition to
being the strain that fixed the largest amount of N, 108.07
-1
µg N mL . B. thuringiensis has also been isolated from Pinus
Sylvestris (Babu et al., 2013).

Screening of isolates
All strains were tested for biological nitrogen fixation
capacity (BNF) in plates, and strains with this characteristic
were then tested for phosphate solubilization (CaPO4, AlPO4,
FePO4 and Araxá apatite), potassium solubilization (Ekosil®),
indolacetic acid (IAA) production and cellulolytic activity.
Through PCA, bacterial strains that presented the best
results for the parameters mentioned above were selected.
For the quantification of plant growth promotion properties,
all strains were grown for 24 h in nutrient broth at a
8
concentration of 1x10 colony forming units (CFU). Analyses
were performed in triplicate, and media without the
presence of bacteria were used as controls.

Materials and methods
Rhizospheric soil
Sugarcane rhizospheric soil samples were collected in the
municipality of Jaboticabal - SP (21º 15 '17 "S and 48º 19'
20" W) and included the IAC95-5000 and RB86-7515
varieties. Collection was also performed in the municipality
of Pirajuba - MG (19 ° 54 '32”S and 48 ° 42' 9 'W), the IAC911099 and CTC4 varieties, and in the municipality of Frutal MG (20º 01' 29 " S and 48º 56 '26 "W), the CTC9 and RB855156 varieties. Soil samples were collected and transported
to the Laboratory of Agricultural Microbiology, UNESP,
Campus of Jaboticabal. Field permits were not required for
this research. In Jaboticabal, the land we sampled belongs to
our institution (State University of São Paulo (UNESP).
Bacteria from rhizospheric soil samples were isolated by
serial dilution (Wollum, 1982); (Vieira and Nahas, 2005).
After incubation, bacterial colonies were picked, placed into
SMA-containing test tubes and refrigerated for later use.

Biological Nitrogen Fixation (BNF)
Nitrogen fixation capacity was evaluated according to
(Dobereiner et al. (1996) and (Tedesco et al., 1995).
Phosphate solubilization
Phosphate solubilization based on bacterial culture was
measured according to (Berraquero et al., 1976). Four
phosphate sources were tested: CaPO4, Araxá apatite
(3Ca3(PO4)2CaF2), AlPO4, and FePO4 in the amounts of 5 g, 5
g, 3.5 g, and 4.33 g, respectively, per 1 L of medium (Silva
Filho and Vidor, 2000)
Potassium Solubilization
Potassium solubilization was measured using Ekosil ®
fertilizer, which is an alternative source of K produced from
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rock of volcanic origin called phonolite, containing 8%
soluble K2O (Yoorin, 2018).
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IAA production
IAA production was measured according to Sarwar and
Kremer (1995).
Cellulolytic activity
The cellulolytic activity was measured by (Ramachandra et
al., 1987) and (Ghose, 1987).
Data analysis
Data were initially submitted to the PCA multivariate
statistical method to group bacterial strains, which was
performed after standardization of variables in which each
variable had a mean of 0 and a variance of 1. A biplot was
constructed for the first two principal components with
isolates and growing promotion characteristics. STATISTICA
software version 7.0 was used for processing statistical
analyses (Statsoft, 2014) .
Quantitative data were also subjected to analysis of
variance (F-test), comparing treatment means by the Tukey
test at 5% probability using AgroEstat software version 1.0
(Barbosa and Maldonado, 2010).

Molecular identification of bacterial strains
Strains that showed the best results consistent with
previously described properties were identified following the
Quick-DNA Universal extraction kit protocol (ZymoResearch cat, No. D4068 and D4069) (Sambrook and Fritsch, 1989).
For identification, PCR products were purified using the
Wizard ® SV Gel and PCR Clean-up System Kit and sequenced
using universal primers. Sequences were edited using the
Biological Sequence Alignment Editor – BioEdit (Hall, 1999);
the consensus sequence was obtained using the BLAST® tool
(Altschul et al., 1990) and compared with the National
Center for Biotechnology Information (NCBI - GenBank)
database. The resulting phylogenetic trees were constructed
using MEGA7® software (Tamura et al., 2011).
Conclusion
The PCA was a great strategy and a useful tool to select
rhizobacteria strains from sugarcane, such as S.
saprophyticus, E. asburiae, A. spanius e B. anthracis. These
bacteria showed similar behavior and expressed important
characteristics related to plant growth-promoting. However,
more studies are needed to verify if these selected strains
will show positive aspects on sugarcane plants, including an
increase of yield.
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